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SPECIFICATION 

TITLE OF THE INVENTION 
DECCMPOSITIQN TREATMENT LIQUID FOR CURED UNSATURATED POLYESTER RESIN, 
MBTIO) FOR TREATING CURED UNSATURATED POLYESTER RESIN BY USE OF THE 
TE^EAIMENT LIQUID, AND METHC© FOR SEPARATING COMPOSITE MATERIAL 

BACKGROUND OF THE INVEEfTION 

1. Field of the Invention 

The present invention relates to a deconposition treatment 
liquid for a cured unsaturated polyester resin, a method for treating 
a cured unsaturated polyester resin ty the tose of the treatment liquid, 
and a method for separating a oonposite material. 

2. Description of the Related Art 

Cured polyester resins are excellent in thermal resistance, 
mechanical properties, weather resistance, Ghanical resistance, water 
resistance and the like, and therefore, the resins are utilized in 
various fields. 

However, since unsaturated polyester resins are 
thermosetting resins, they do not melt after molded and fuurther are 
insoluble in general-purpose solvents, so that it is difficult to 
reuse them. Moreover, various fillers to be mixed for iirpzoving 
mechanical properties and the like are difficult to dissolve, and 
hence, these materials cannot be reused. 

As inventions aiming at the separation of a filler from a 
cured resin, a method for thermally deoonposing the resin at a 
tenperature of 900^C or higher is known for separating and recovering 
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silica from a molded material, as disclosed in Japanese Patent 
Application Laid-ppen Nos. 1993-139715 and 1994-87123. Additionally 
in Japanese Patent implication Laid-Open No. 1995-330946, there is 
also disclosed a method for recovering the filler by the thermal 
deconposltion of a thermosetting resin. 

In these inventions, however, since the resin is thermally 
deccxnposed to gasify it, the decomposed product of the resin cannot be 
reused e3a::ept for its reuse as energy. Moreover, since a hig^ 
temperature of 300^0 or higgler is usually required for deoonposing the 
resin, there is a possibility that fillers other than silica are 
degraded to make their reuse inpossible. Moreover, for the thermal 
deconposition at a high tanperature exceeding 300%, there is required 
a special apparatus for controlling the reaction temperature and 
pressure. Furthermore, special attention for safety is needed owing 
to the operation at a hig^ tenperature and a hic^ pressiare. 

As a method for the thermal deconposition of an unsaturated 
polyester, Japanese Patent implication Laid-Open No. 1996-85736 
discloses a method for the thermal deconposition together with a feed 
soiorce of a hydroxyl group. According to the publication, the 
temperatiare necessary for the thermal deconposition is generally in a 
range of from 370 to 390%. Moreover, the publication describes "At 
the thermal deconposition of the resin, the resin is preferably heated 
at a tatperature range of from about 340 to 900%, particularly about 
350 to 450%". 

However, the thermal deccnpositlon at a high tenperature 
exceeding 300% requires a special apparatus for controlling the 
reaction tenperature and pressure. Moreover, special attention for 



safety is needed ovdJig to the operation at a hi^ tenperature and a 
high pressure. 

On the other hand, as a method of the decxxnposition at a 
lower tennperature as cxxipared with the case of the thermal 
deoonposition, there is a method of chemical deocnposition. As a 
method for chemically deconposing an unsaturated polyester resin, 
Japanese Patent Application Laid-open No. 1996-113619 discloses a 
method of using a base and a tydrophilic solvent. Jaqpanese Patent 
implication Laid-Open No. 1996-134340 discloses a method of using a 
base and a monohydric alcohol. Moreover, a method of using a glycol 
is disclosed In Japanese Patent implication Laid-Open No. 1996-225635 
and a method of using a dicarboacylic acid or a diamine is disclosed in 
Japanese Patent implication Laid-Open Nb. 1997-221565. Japanese 
Patent implication Laid-open No. 1997-316311 discloses a method of 
using diethanolamine. 

However, since these methods enploy corrosive chemical 
siibstazK!es, special attention toward the human body and the 
environment is indispensable. Moreover, in the case of using no 
corrosive chemical substance, the method is not practical because of 
an extremely slow deconposition rate. 

In the case of deccnposlng or dissolving a cured unsaturated 
polyester resin for the purpose of reuse the raw materials, it is 
generally not preferable to deccnpose the resin thermally. 

In general, in the thermal decomposition under an atmosphere 
containing oxygen, carbon atcxn and hydrogen atom are oxidized to form 
carbon dioxide and water, respectively, and therefore, it is difficult 
to used them as synthetic raw materials of a resin. 



Furthermore, in the thermal decxmposition under an 
atmosphere contaiiung no oxygen, hydrogen atom bonded to cartaon atom 
is liable to be eliminated, vdxereby mainly carbon is formed. 
Therefore, it is difficult to reuse it as a raw material of a resin. 

Further, in the case of separating the decomposition product 
of a cured unsaturated polyester resin from a filler for the purpose 
of reusing each of them, it is difficult to reuse than because melting, 
oKidization, or a diange of crystalline structure of the resin occurs 
and thereby, changes of strength and form thereof are resulted in v*ien 

the filler is eaecessively heated. 

Moreover, the methods of using corrosive chemical substances 
are not preferable in view of hantteulness to the human body and 
necessity of special oonsideratixjn for safety of the ^qcaratus. 

Furthennore, in view of the efficiency at dissolution, 
hi^ decomposition rate or dissolutim rate of the cured resin is 
more preferable. 

Sunmary of the Invention 
An object of the invention is to decxmpose or dissolve 

efficiently a cured unsaturated polyester resin v*iic4i is used for 

small crafts, automobile parts, railroad vehicle parts, furniture. 

bathtubs, electrical appliance, water-resenrair tanks, and the like. 
Moreover, another object of the present invention is to 

separate efficiently a filler from decomposed corponents of a cured 

unsaturated polyester resin. 

liie present inventicai includes a deconposition treatment 
liquid for cured unsaturated polyester resins, comprising a phosphoric 
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acid- type compound or salt thereof, and an organic solvent. 

The salt of phosphoric acid-type conpound preferably 
includes potcissium phosphate, more preferably potassium phosphate 
hydrate. 

The treatment liquid may contain an alkal 1 metal ion. 

The treatment liquid may contain an alcohol-based solvent or 
an organic solvent having a boiling point of ITO^'C or higgler. 
Preferably, the treatment liquid is an alcohol-based solvent having a 
boiling point of 170''C or hi^ier. 

The present Invention also includes a method for treating a 
cured unsaturated polyester resin comprising a step of deconposing or 
dissolving the cured unsaturated polyester resin using the above 
treatment liquid. 

At the treatment, the temperature of the treatment liquid 
may be 250°C or lower. Moreover, the resin may be treated under 
atmospheric pressure. 

ThB present invention also Includes a method for separating 
a composite material containing a filler and a cured unsaturated 
polyester resin vAierein the composite material is separated into the 
filler and a cured resin powder or a solution of decomposed product of 
the cured resin by treating the cured resin with the above treatment 
liquid. 

According to the treatment liquid of the present invention, 
a cured unsaturated polyester resin can be easily deconposed or 
dissolved. 

Moreover, according to the invention, a cured unsaturated 
polyester resin can be converted to a reusable resin material by 



decomposition or dissolution thereof. 

Furthermore, acxx)rding to the present Invention, by 
deccnposing or dissolving a cured unsaturated polyester resin using a 
specific treatment liquid, a composite material containing a filler 
and a cured unsaturated polyester resin can be separated into the 
filler and the xesin, each of vAiich can be easily reused. 

Namely, the present invention is effective for reuse of a 
molding vAiich conprises vising a cured unsaturated polyester resin. 

The present di sclosuce relates to subject matter contained 
in Japanese Patent i^lication No. 2000-390804, filed on December 22, 
2000, the disclosure of \ighich is expressly incorporated herein by 
reference in its entirety. 

DETAILED DESOaPTIGN OF THE INVENTICaN 

The following will explain the present invention in detail. 

The cured unsaturated polyester resin, vAiich is a target of 
the treatment of the present invention, is not particularly limited 
and the treating method of the present invention can be applied to any 
cured unsaturated polyester resin comnnonly known. That is, the 
treatment liquid of the present invention can be applied to a cured 
molding conprising an unsaturated polyester and a polymerizable 
monomer as essential conponents. 

The following will illustrate the examples of preparing the 
cured unsaturated polyester resin vdiich is a target of the treatment 
of the invention. 

The unsaturated polyester is obtained, for exanple, by 
reacting a polybasic acid conponent including an a, P -unsaturated 



polybaslc acid or ahhydlride thereof as an essential conponent with a 
polyhydric alcx^hol. 

Bxainples of the a,p-tinsaturated polybaslc acid or anhydride 
thereof is a synthetic raw material of the lansatiarated polyester 

Includes a,|3-i3nsatixcated dibasic acids or anhydrides thereof, more 
specifically maleic add, fxsnaric add, itaconic acid, dtraconic add 
and rocLLelc anhydride. These may be losed singly or as a combination of 
two or more of them. 

For regulating the concentration of an unsaturated group and 
Imparting characteristics such as flexibility, thermal resistance, and 
the like, the above polybaslc acid component may contain a saturated 
polybaslc add or anhydride thereof other than the a,p-unsaturated 
polybaslc add or anhydride thereof. 

The ratio of the saturated polybaslc add among the vdiole 
polybaslc acid component is optionally controlled depending on the 
purpose. Ifowever, when the ratio of the a,p-unsaturated polybaslc 
add or anhydride thereof among the ^Aiole polybaslc add component 
becomes smaller, the strength of the resulting molded product tends to 
decrease gradually. For example, for preparing a hard molded pzxxSuct, 
the content of the a,p-unsaturated polybaslc add or anhydride thereof 
in the polybaslc acid component is preferably 40 mol% or more, more 
preferably 45 to 80 mol%, particularly preferably 50 to 70 mol%. 

Examples of the above saturated polybaslc add or aidiydrlde 
thereof Indude phthallc add, phthallc anhydride, Isophthallc add, 
terephthalic acid, tetrahydrophthalic add, tetrahydrophthalic 
anhydride, 3 , 6-endO'methylenetetrahydrophthallc anhydride, 
liexahydrophthallc add, hexahydrophthallc anhydride, glutarlc add. 
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adipic acid, sebacic acid, trijnellitic acid, triinellitic anhydride, 
pyromellitic acid, dimer acid, succinic acid, azelaic acid and rosin- 
ntaleic acid adduct. lliese may be ixsed singly or as a conibination of 
two or more of them. 

Exanples of the polyhydric alcohol vdiich is another 
synthetic raw material of the unsaturated polyester include dihydric 
alcohols sudh as ethylene glycol, diethylene glycol, propylene glycol, 
dipropylene glycol, 1,3-butanediol, 1,6-hexanediol, neopenthyl glycol, 
1,4-cyclohexanediol, and hydrogenated bisphenol A; trlhydric alcohols 
such as glycerin and trlmethylolpropane; tetrahydric alcohols such as 
pentaerythritol; and the like. These may be used singly or as a 
combination of two or more of them. 

With regard to the polyfoasic acid con^nent and the 
polyhydric alcohol, the pol^^ydric alcohol is used in an equivalent 
ratio of preferably 1 to 1.3, more preferably 1.03 to 1.05, vdien the 
polybasic acid component is 1. Vjhen the ratio of the polyhydric 
alcohol decreases, the molecular weight of the resulting \msaturated 
polyester tends to decrease. VQien the ratio Increases, acid value 
decreases, and thereby, increase of viscosity tends to paroceed slowly 
in the case that a thickening agent is losed. 

An unsaturated polyester can be synthesized by a method 
hitherto known. For exanple, the polybasic acid component and the 
polyhydric alcohol were subjected to condensation reaction under 
removal of water formed at the time when both oonponents were reacted. 
The renovcLL of the water was effected by spontaneous distillation by 
passing an inert gas or distillation under reduced pressure. In order 
to accelerate the distillation of the water, a solvent such as toluene. 



xylene, or the like may be added to the system as an azeotroplc 
cxDnponent. Progress of the reaction can be detected generally by 
measurement of the amount of distillate formed during the reaction, 
quantitative determination of terminal groiips, measurement of 
viscosity of the reaction system, or the like. 

The tennperature of the reaction is preferably 150°C or higher. 
Moreover, in order to prevent a side reaction by oxidation, the 
reaction is preferably carried out under passing an Ineirt gas, such as 
nitrogen or carbon dioxide, through the system. 

As the reaction a^yparatus, an apparatus made of glass, 
stainless steel, or the like is selected, and it is preferable to use 
an apparatus fitted with a stirring apparatus, a fractional 
distillation sqpparatus for preventing the distillation of the alcohol 
OGnnponent by azeotropy of water and the alcoholic ccmponent, a heating 
apparatus for raising the temperature of the reaction system, a 
temperature-control 1 1 ng apparatus for the heating apparatus, an 
apparatus for introducing an inert gas such as nitrogen, and the like. 

The nurnber average molecular weic^t of the unsaturated 
polyester is preferably from 1000 to 4500. When the molecular wei^t 
is smaller than 1000, the viscosity does not increase even if an 
appropriate amoxint of a thickening agent is added, so that the 
resulting resin conposition may be soft and disads/antageous in the 
workability. Vlhen the molecular wei^t is larger than 4500, the 
viscosity is high, an insufficient Impregnation is apt to occur in the 
case of licipregnation of glass fiber or the like, and the surface 
glossiness after molding tends to decrease. 

Exanples of the polymerizable monomer for use in the cured 



unsaturated polyester resin Include styrene derivatives such as 
styrene, chlorostyrene, divinylbenzene, tert -butyls tyrene, and 
brcsmostyrene; aDcyl esters of methacxylic acid or acrylic acid, such 
as methyl methacrylate, ethyl methacrylate , ethyl acrylate, and butyl 
acrylate; hydroxyalkyl esters of methacrylic acid or acrylic acid, 
such as p-hydroxyethyl methacrylate and p-hydroxyethyl acrylate; 
diallyl phthalate, acryland.de, pbenylmaleiinide, and the lUce. In 
addition, polyfunctional methacrylate or acrylate esters such as 
ethylene glycol dlmethacrylate, neopentyl glycol dimethacrylate and 
trlmethylolprqpane trimethacrylate may be used. 

An unsaturated polyester resin composition may be prepared 
by mixing the unsaturated polyester and the polyroerizable monaner and 
adding a curing agent, a polymerization inhibitor, a shrinkage- 
lowering agent, a thickening agent, and the like, if necessary. The 
mixing ratio of the unsaturated polyester resin to the polymerizable 
monomer can be selected depending on the form of a product to be 
supplied, workability at the manufacturing process, and the like. For 
example, in the case of applying the composition to a fabric material 
in a sheet form, it is preferable to use 25 to 80 parts by weight of 
the unsaturated polyester resin and 75 to 20 parts by weight of the 
polymerizable monomer, and it is more preferable to use 40 to 65 parts 
by wei^t of the tinsaturated polyester resin and 60 to 35 parts by 
weight of the polymerizable manomer, the total amount of the 
unsaturated polyester resin and the polymerizable polymer being 100 
parts by weight. Vftien the amount of the unsaturated polyester resin 
is less than 25 parts by weight, the viscosity of the resin 
composition is too low to apply it in a sheet form, and the 



cxxrposltlon Is difficult to mix with other ocxiponents owing to 
sedimentation. Furthermore, when a flber-relnforced molding material 
xeszzlted from the composition Is molded, shrinkage at curing Is large 
and thus, breaking, cracking, or the liJce may occur at molded products 
When the amount of the unsaturated polyester iresln exceeds 80 parts by 
weight, there Is a possibility that the ccn^sltlon Is difficult to 
apply owing to the hl^ viscosity or that the coinposltlon Is difficult 
to mix with other ccnponents. 

Bxannples of the curing agent Include ketone peroxides, 
peroQ^dlcarbonates , hydroperoxides, dlacyl peroxides, peroxy ketals, 
dlalkyl peroxides, peroxy esters, alkyl peresters, and the like. The 
amomt of the curing agent affects not only molding cycle but also 
shelf life of the material, color heterogeneity, and the like, and 
therefore. Is suitably determined depending on the required properties 
In view of the shelf life of the material and molding cycle^ the 
amoijnt of the curing agent Is preferably from 0.5 to 5% by weight, 
more preferably 1 to 3% by wel^t, relative to the total amount of the 
above unsaturated polyester resin and the pol^merlzable monomer. 

Exanples of the polymerization Inhibitor Include p- 
benzogulnone , neqphthoguinone, toluqulnone, hydrogulnone, mono-t- 
butylhydrogulnone, dlbutylhydroxytoluene , and the like. The 
polymerization Inhibitor Is preferably used in an amount of 0.5% by 
wel£^t or less relative to the total amount of the above unsaturated 
polyester iresin and the polymerlzable monomer. In the resin 
conposltlon mixed with a curing agent. It is preferable to incorporate 
the inhibitor in an amount of 0.05% by weight or more, for iiipartlng 
storage stability. 



As the shrinkage- lowering agent, a thermoplastic resin such 
as polynnethyl methacrylate, polystyrene, polycapTOlactone, polyvinyl 
acetate, polyethylene, or butadiene rubber may be contained, for 
exairple. The amount to be used Is determined in consideration of the 
shrinkage, surface smoothness, and surface gloss of a molded product, 
and Is not particularly limited* In the case of preparing a low- 
shrinkage hard molded product, it Is preferable to use the shrinkage- 
lowering agent in an amount ranging from 20 to 50% by weight relative 
to the total amoimt of the above unsaturated polyester resin and the 
polyroerizable monomer. 

As the thickening agent, magnesium oxide, magnesium 
hydroxide, potassium oxide, potassiim hydroxide, or the like may be 
used, for example. In general, magnesiisn oxide is used. ThB amount 
of the thickening agent is determined depending on the workability of 
the molding material. The amount is preferably from 0.5 to 5% by 
weic^t, more preferably from 0.7 to 2% by weight relative to the total 
amount of the above unsaturated polyester resin and the polymerizable 
moncmer. When the amount of the thickening agent is too small, there 
occurs a case that the viscosity of the resin connposltion does not 
increase, and thus no effect is obtained. When the amount is too 
large, there is a possibility that the viscosity increases too much to 
control. 

The above unsaturated polyester resin ccmposition may be 
further incorxx>rated with a releasing agent, a stabilizer, a colorant, 
or the li3ce, if necessary. 

Furthermore, the unsaturated polyester resin ccnposition may 
be mixed with an inorganic filler as shown below and then molded. As 



the Inorganic filler, those generally used for resins may be utilized. 
Examples of the Inorganic filler Include metals and oxides, hydroxides, 
halides, and nitrides of metals, non-metallic crystals, and the like. 
More specific exairples include boron, alianlnum, iron, silicon, 
titanium, chromium, cobalt, nickel, zinc, palladium, silver, tin, 
tungsten, platinum, gold, lead, alumina, zirconia, magnesia, silicon 
carbide, silicon nitride, boron ni1:ride, mica, silica, clay, glass, 
carbon, calcium carbonate, aluminum hydroxide, magnesium hydroxide, 
ceLLcium silicate, and the lilce. These inorganic fillers may be used 
singly, or as a fused one or mixture of each conponent. In the case 
that the inorganic filler Is an inorganic filler having a low 
solubility in the treatment liquid, such as glass, calcium carbonate, 
or the like, the inorganic filler can be easily separated and 
recovered to reuse. Moreover, the form of the inorganic filler may be 
powder, fiber, bead, foil, film, wire, circuit, or the like. Hxe ' 
fiber may be mat-shsqpe one or woven one such as a cloth. Olie ratio of 
the inorganic filler contained in a cured resin is not particularly 
limited, but is, in general, in the range of 5 to 90% by weigfit. 

Furthermore, the unsaturated polyester resin ccnposition may 
be mixed with a natural organic substance such as wood or an 
artificial organic siibstance such as a plastic piece as an organic 
filler, and then the mixture may be molded. In the case that the 
solubility of the organic filler in the treatment liquid is low, the 
organic filler can be easily separated and recovered. 

The unsaturated polyester resin which is a target of the 
present Invention can be produced by a method hitherto known. 
Examples of the known method Include a method vdierein the polybasic 
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acid cxwnponent and the polyhydric alcohol vg^ere subjected to 
condensation reaction vAilch proceeds under the removal of the water 
resulted fxxm the condensation. Hie removal of the water was 
preferably effected by spontaneous distillation by passing an Inert 
gas or distillation under reduced pressure. In order to accelerate 
distillation of the water, a solvent such as toluene or xylene may be 
added to the system as an azeotroplc component. Progress of the 
reaction can be detected generally by measur^nent of the amount of 
eluate formed during the reaction, quantitative determination of 
terminal groups, measurement of viscosity of the reaction system, or 
the lUce. The curing of the imsaturated polyester resin may be 
carried out at any temperature as far as the curing proceeds, but the 
curing Is generally effected at a tenperature ranging from room 
tai5)erature to 250°C. Moreover, the curing may be carried out under 
elevated pressure, or atmospheric pressure or reduced pressxjre. The 
cured resin Is not necessarily hardened perfectly, and may be a semi- 
hardened one vftildh does not flow at room temperature. As one exairple 
thereof, a molding material using an unsaturated polyester may be 
mentioned. 

At the treatment of the cured unsaturated polyester resin 
with the treatment liquid, the cured resin may be treated as such a 
size or after crushing. The size of crushed resin Is not particularly 
limited and any sized resin may be treated. Namely, It Is not 
necessary to crush into particular small pieces, and It Is sufficient 
to adjust the resin to the size vdhlch can be treated in a treating 
apparatus. Particularly, In the case of separating and recovering a 
filler. It Is preferable to adjxjst the size of the crushed pieces 



accx>rding to the efficiency at separation and recovery of the filler 
and the operablUty at the reuse of the recovered filler. For exanple, 
in the case of recovering a filler, such as glass fiber, vAiich beccxnes 
difficult to reuse vAien crushed into fine pieces, it is preferable to 
adjust the crushed pieces to a size of 10 nut or more. In 
consideration of the scale of the s{)paratus, treating process, and 
treating time, the maximum size of the cured unsaturated polyester 
resin or crushed pieces thereof is pi:ef erably in the range of 10 irni to 
1.5 m. When the size is smaller than the range, the crushing process 
tends to take a longer period of time, \diile the treating time becomes 
longer when the size is larger than the range. 

The treatment liquid for deccRposing or dissolving the cured 
unsaturated polyester resin \<hick is a target of the present inventim, 
comprises a phosphoric acid- type compound or salt thereof, and an 
organic solvent. 

Moreover, the treatment liquid may contain both a phosphoric 
acid-type coirpound and salt thereof. 

Examples of the phosphoric acid-type conqpound include 
phosphoric acid, hypophosphoric acid, phosphorous acid, 
hypophosphorous acid, pyrophosphoric acid, trimetaphosphoric acid, 
tetrametaphosphoric acid, and pyrophosphorous acid. 

Examples of the salt of the phosphoric acid-type coiipovind 
conprise anions of the above phosphoric acid- type conpounds and 
cations . 

Exanples of the cations include ions of lithium, sodium, 
potassium, rubidium, cesitxn, beryllium, magnesiizn, calcium, strontiim, 
barium, titanium, zirconium, vanadium, chromium, manganese, iron. 



cobalt, nickel, copper, silver, palladium, zinc, alumlnisn, gallium, 
tin and amnonlum. 

These salts may be any of primary salts having one metal and 
two hydrogen atoms, secondary salts having two metal and one hydrogen 
atom, and tertiary salts having three metals, and may be any of acidic 
salts, alkaline salts, and neutral salts, lliese oonpounds may be used 
singly or as a mixture of several kinds of them. Moreover, any 
compound other than these oonpounds may be used in CGmblnatlon, and 
contamination of impurities may cause no problem. 

Among these oonpounds, in view of the solubility in a 
solvent, preferred Is a salt of an alkali metal with a phosphoric 
acid-type ccnpound. In the case that a water- solilble solvent Is used, 
a hydrate thereof Is further preferred. 

As the organic solvent for use in 1:he present Invention, 
preferred are amide-type, eU-Oohol-based , ketone-liype, ether-type, 
ester- type solvents. These may be used singly or as a mixture of 
several kinds of them. Moreover, in combination with these solvents, 
inorganic solvents may be used, and contamination of inpurltles in the 
solvents may caiose no problem. 

Examples of the amide- type solvents Include formamide, N- 
methylformamlde, N,N-dlmethylformamlde, N,N-dlethylformamlde, 
acetamlde, N-methylacetamlde, N,N-dimethylacetamlde, N,N,N',N'- 
tetramethylurea, 2-pyrrolldone, N-methyl-2-pyxxolldone, caprolactam 
and carbamate esters. 

Exanples of thB alcohol-based solvents Include methanol, 
ethanol, 1-propanol, 2-propanol, 1-butanol, 2-butanol, Iso-butanol, 
tert-butanol, 1-pentanol, 2-pentanol, 3-pentanol, 2-methyl-l-butanol, 



iso-pentyl alcohol, tert-pentyl alcohol, 3-nethyl-2-butanol, neopentyl 
alcohol, 1-hexanol, 2-mBthyl-l-pentanol. 4-mBthyl-2-pentanol, 2-ethyl- 
1-butanol, 1-heptanol, 2-heptanol, 3-heptanol, cyclohexanol, 1- 
methylcyclohexaixol, 2-niethylcycl<diexanol, S-methylcycldiexanol, 4- 
metliylcyclohexanol, 1,2 -propanediol, 1,3 -propanediol, 1,2-butanedlol, 
1,3-butanediol, 1,4-butanediol, 2,3-butanediol, 1,5-pentanediol, 
glycerin, dlpropylene glycol, ethylene glycol, ethylene glycol 
monomethyl ether, ethylene glycol monoethyl ether, ethylene glycol 
monopropyl ether, ethylene glycol monobutyl ether, dlethylene glycol, 
dlethylene glycol monomethyl ether, dlethylene glycol monoethyl ether, 
dlethylene glycol monopropyl ether, dlethylene glycol monobutyl ether, 
triethylene glycol, triethylene glycol moncnethyl ether, triethylene 
glycol monoethyl ether, tetraethylene glycol, further, polyethylene 
glycols such as polyethylene glycol #200, polyethylene glycol #300, 
and polyethylene glycol #400 (all of them are trade names, 
manufactured by Kanto Kagaku K.K. ) . In the case of using a 
polyethylene glycol. It Is preferable that the average molecular 
weight of the polyethylene glycol Is 500 or less In vlewr of the 
solubility. 

Exanples of the ketone- type solvents Include acetone, methyl 
ethyl ketone, 2-pentanone, 3-pentanone, 2-hexanone, methyl Isobutyl 
ketone, 2-heptanone, 4->heptanQne, dlisobutyl ketone, cyclohexanone, 
methylcyclohexanone, phorone and Isophorone. 

Bxanples of the ether- type solvents Include dlpropyl ether, 
dllsopropyl ether, dlbutyl ether, dihexyl ether, anlsole, plienethole, 
dloxane, tetrahydrofuran, acetal, ethylene glycol dimethyl ether, 
ethylene glycol diethyl ether, dlethylene glycol dimethyl ether and 
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diethylene glycol diethyl ether. 

Examples of Inorganic solvents include water, liquid ammonia, 
and liquid carbon dioxide. 

Anong these solvents, an alcohol-based solvent is preferable 
since the solvent easily dissolves a phosphoric acid-type ccinpoimd or 
salt thereof. Furthermore, in the case of treating under normal 
pressure or reduced pressure, the boiling point of the organic solvent 
is preferably 170^C or higher. 

In the treatment liquid for use in the present invention, a 
phosphoric acid-type ccnpound or salt thereof is preferably controlled 
to any concentration of 0.001 to 80% by weigfit relative to the organic 
solvent. When the concentration is less than 0.001% by weight, the 
deconiposition rate of the cured resin tends to decrease, vdiile, when 
the concentration is higher than 80% by weic^t, the preparation of the 
treatment liquid tends to be difficult. The concentration of the 
phosfphoric acid- type compound or salt thereof is particularly 
preferably frcm 0.1 to 20% by weight. Moreover, all the amount of the 
phosphoric acid-type ccnpoimd or salt thereof is not necessarily 
dissolved in the solvent. Even when the liquid is a saturated 
solution in vAiich all the phosphoric acid-type ccmpound or salt 
thereof is not entirely dissolved, the solute is in an equilibrium 
state and therefore, the phosphoric acid- type ocnpound or salt thereof 
can be effectively conpensated in the case that it is deactivated. 

The treatment liquid may be incorporated with a surfactant. 

The treatment liquid may be prepared at any toiperature, but 
in the case of preparing it at normal pressure, the temperature is 
preferably not lower than the freezing point of the solvent to be used 
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and not hi^ier than the boiling point thereof from the viewpoint of 
the efficiency of operation and the operability of the liquid. The 
liquid may be prepared in an atmosphere of air or an inert gas such as 
nitrogen, argon or carbon dioxide, and may be prepared lander normal 
pressure, reduced pressure, or elevated pressixre. 

Ihe conditions for treating the cured resin with the 
treatment liquid is not particularly limited as far as the treatment 
liquid is in a liquid state. Preferably, in order to control the 
treating rate, the treatment liquid is used at any t^iiperature \ghich 
is not lower than the freezing point of the solvent and not higher 
than the boiling point thereof. Moreover, for preventing the 
deterioration in the quality of the recovered materials by thermal 
deoonposition of the resin or decrease of the strength of the filler, 
the treatment is carried out at a toiperature of preferably 250°C or 
lower, more preferably 200^C or lower. 

ThB treatment is carried out by dipping the unsatoirated 
polyester into the treatment liquid. For accelerating the treating 
rate, vibration may be applied by ultrasonication. Alternatively, the 
treatment liquid may be sprayed with a spray or the lite or under hig^ 
pressure to the polyester without dipping it in the liquid. 

The treatment liquid may be used or stored in an atmosphere 
of air or an inert gas such as nitrogen, argon or carbon dioxide, and 
may be used or stored under normal pressure, reduced pressure, or 
elevated pressure. Owing to the excellence in safety and sinpleness 
of operation, it is preferable to use and store the treatment liquid 
at normal pressure. In the present invention, the treatment of 
deconposing or dissolving the cured uunsaturated polyester resin can be 



carried out In an air at atmospheric pressure. Namely, an apparatus 
for achieving a specific gas atmosphere and a specific pressure is not 
necessarily required. 

The resin conponent resulting from the decarposition or 
dissolution of the unsaturated polyester according to the present 
invention can be separated by a ccmnon method and can be reused. For 
exanple, the resin conponent obtained by separation of the solvent by 
distillation after separating Impurities by precipitation or the lilce 
can be reused as a resin raw material. Moreover, in the case of 
separating or recovering a solid filler such as a metal or glass, the 
filler can be recovered by filtration, decantation, or the like after 
deconposing or dissolving the resin conponent with the treatment 
liquid. 

The following will eaqplain the present invention with 
reference to Exanples. 

Experimental Examples 1 to 23 and Reference Exanples 1 to 6 
[Preparation of Cured Unsaturated Polyester] 

Into a 2 -liter four-necked flask fitted with a thermometer, 
a stirrer, and a jrectification tube were placed 578 g of propylene 
glycol, 318 g of diethylene glycol, 444 g of phthalic anhydride, and 
686 g of maleic anhydride. The whole was heated to 210^C over a 
period of 4 hours in a stream of nitrogen gas, allowed to react at 
that tenperature for 5 hours, and cooled to 160°C \10hen the acid value 
reached 8. Then, 784 g of maleic anhydride was added thereto and the 
vAiole was heated to 215''C over a period of 4 hours. 

The reaction was continued at that t&iperatiire for 6 hours 
to obtain an unsaturated polyester resin having an acid value of 29. 



An unsaturated polyester resin oonposltlon was obtained by 
dissolving 60 parts by wei^t of the resulting unsaturated polyester 
resin into 40 parts by wei^t of styrene monomer in which 0.02 part by 
wei^t of hydroqciinone was dissolved. 

Furthermore, the unsaturated polyester resin conposition was 
cured by heating at ITO^'C for 1 hour, and the cured product was cut 
into pieces of 10 nm x 30 nm x 3 nm, which were used as test pieces of 
the cured unsaturated polyester resin. 
[Preparation of Treatment liquid] 

As shown in Tables 1 and 2, each of various phosphoric acid- 
type oonpounds, salts thereof, or substitutes and each solvent were 
weighed into a test tube and the \diole was gently sticired to obtain a 
treatment liquid. 

[Treatment of Cured Resin with Treatment liquid] 

The test tube in vdiich the treatment liquid was placed was 
heated to the temperatuce range of 180 to 220^0 by means of an oil 
bath. After the measurement of weight of the above test pieces, the 
test pieces were dipped into the treatment liquid and, after 4 hours, 
they wex?e taken out and the weight was again measured. The weio^t 
change before and after the treatment was divided by total weight of 
the test pieces to calculate the solubi 1 i ty of the cured resin. 

Tables 1 and 2 show the resxilt of Examples 1 to 23 and 
Reference Exanples 1 to 6. 

Table 1 

Dsarptle a -Kigtinf-ir- f^i-ixro- fWina Tt-raHrn T fat^jprdii ire Tine Scslubllity oEmsrve 

A:id (noL/lOOOg- -ness 

thePBoC solvent) (t:) (h) (%) 



Exaiple 1 P A 1.00 190 4.0 1.1 no 

Exanple 2 Q A 1.00 190 4.0 1.8 no 
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Table 2 
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In the tables « the symbols of phosphoric add- type conpounds 
and seJ.ts thereof and the symbols of solvents mean as follows. 
P: phosphoric acid 
Q: phosphonlc acid 
R: trlpotasslum phosphate 
S: trlpotasslum phosphate hydrate 
A: dlethylene glycol moncmethyl ether 



B: benzyl alcohol 



C: ethylene glycol 

D: diethylene glycol monoethyl ether 
£: diethylene glycol 
F: trletl^lene glycol 
G: tetraethylene glycol 

H: polyethylene glycol #200 (trade name, manufactured by Kanto Kagaku 

K.K.) 

I: water 

As shown in Examples 1 to 23, In the case of using organic 
solvent solutions of phosphoric acids -type conpounds or salts thereof 
as treatment liquids, all the solutions dissolve cured unsatxxrated 
polyester resins though some difference was observed owing to the ]cind 
of solvents. In particular, the solubility is high in Exanples 5, 6, 
14, and 17. 

Moreover, tripotassixm phosphate mainly used in the examples 
is also utilized as a food additive, and thus, it is not necessary to 
worry about special adverse effects on the human body. 

In Reference Example 1 vdierein water and a salt of a 
phosphoric acid-type coinpoimd were used, the solubility is found to be 
0%. In Reference Exanple 2 wherein the resin was treated with a 
solvent alone, the solubility was cQso 0%. 

In Reference Example 4 \idierein an alkali metal salt, 
potassium chloride or sodium acetate was used, the solubility is 1% or 
less. 

Moreover, Reference Exanqples 3 and 6 wherein corrosive 
alkalis, i.e., potassium hydroxide and lithium methoxide were used. 



the solubi 1 1 ty wexe found to be hl^, the values being 14.8% and 38.0%, 
respectively. However, these alkalis are corrosive and thus 
ranarkably harmfilL to the human body. 

Exairple 24 

To the above unsaturated polyester resin canposition was 
further added calcium carbonate, and the \i^le was thoroughly mixed. 
Then, the mixture was applied onto glass fiber and was cured by 
heating at 170^C for 1 hour to prepare a composite material which was 
constituted by 40% by weight of the cured unsaturated polyester resin, 
40% by weight of calcium carbonate, and 20% by weic^t of glass fiber. 
This material was shagped into test pieces of 10 mm x 30 mm x 3 mm. 

Using tripotassium phosphate hydrate as a catalyst and 
diethylene glycol monomethyl ether as a solvent, these ooinpounds were 
weighed into a test tube so that the catalyst concentration became 
0.33 mol/lOOOg- solvent, and the vAiole was gently stirred to obtain a 
treatment liquid. 

The test tube in which the treatment liquid was placed was 
heated at about 190^C using an oil bath, and iihe test pieces were 
dipped into the treating solution. After 18 hours, the test pieces 
were taken out. 

The recovery of the glass fiber was calculated from the 
amoxmt of the glass fiber recovered from the test pieces taken out. 
Moreover, the treatment liquid was mixed with an equal amount of 
distilled water, and precipitate was collected by filtration from the 
solution. The precipitate was washed with distilled water to recover 
calcium carbonate, and recovery of the ccG.cium carbonate was 



calculated. 

Next, solvent \9as removed by distillation from the filtrate, 
and the remaining resin oonponent was washed with distilled water. 
With regard to the solubility of the resin in the composite material, 
the weight of the cured resin before treatment was calculated based on 
the resin fraction. The weight change of the cured resin was 
determined from the weight change between the weight of the cured 
resin before treatment and the resin welc^t after treatment. 

As a result, the solubility of the resin in the ocnposlte 
material was 98%, the recovery of glass fiber was 96%, and the 
recovery of calcium carbonate was 85%. 
Exaiqple 25 

Dlssolutic»n treatment was carried out uoider the same 
conditions as In Exanple 24 with the exception that the solvent in 
Example 24 was replaced by benzyl alcohol \^ch wcls an alcohol-based 
solvent. 

As a result, the solubility of the resin in the conposlte 
material was 95%, the recovery of glass fiber was 90%, and recovery of 
caldijm carbonate was 78%. 
Example 26 

Dissolution treatment was carried out under the same 
conditions as in Exanple 24 with the exception that the treating 
temperature in Exanple 24 was changed to 210^C. 

As a result, the soliiblllty of the resin in the conposlte 
material was 99%, the recovery of glass fiber was 98%, and the 
recovery of calcium carbonate was 93%. 
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Ebcample 27 

Dissolution treatinent was carried out under the same 
conditions as in Example 24 with the exception that the treating time 
in E3caniple 24 changed to 14 hours. 
5 As a result, the solubility of the resin in the conposite 

material was 99%, the recovery of glass fiber was 97%, and the 
recovery of calcium carbonate was 92%. 
Reference Example 7 

Dissolution treatment was carried out under the same 
10 conditions as in Example 24 with the exception that the catalyst in 
^ Exanple 24 was not used. 

1^ As a result, the composite material did not dissolve in the 

i 

U treatment liquid, and the solubl 1 ity of the resin in the CGnposite 

material was 0%, the recovexy of glass fiber was 0%, and the recovery 
of calcium carbonate was 0%. 
Reference Example 8 

Dissolution treatment was carried out under the same 
conditions as in Example 24 with the exception that the catalyst in 
Exairple 24 was changed to potassium Iiydroxide \iAiich is an alkali metal 
20 conipound. 

As a result, the solubility of the resin in the CGnposlte 
material was 90%, the recovery of glass fiber was 54%, and the 
recovery of calcium carbonate was 55% « 
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8. 



Exanples 24 to 27 are oons>ared with Reference Examples 7 and 
In the case of treating with an organic solvent alone shown 



in Reference Exanple 7, no dissolution of the oonposlte material was 
observed. 

Moreover, as shown in Reference Exairple 8, in the case of 
treating with an ^i^aii metal compoimd, potassium hydroxide and an 
organic solvent, a hlc^ solubility was observed. However, because 
these solutions were corrosive, the deterioration of the glass fiber 
occurred, and thus, the recovery thereof was low. 

On the other hand, in the case of using organic solvent 
solutions of phosE>horic acid- type ccnpounds or salts thereof as 
treatment liquids shown in Examples 24 to 27, the cured unsaturated 
polyester resin is dissolved. 

Particularly in Example 26, all the amount of the cured 
polyester resin in the composite material is dissolved and the 
recovery of glass fiber and the recovery of calciun carbonate are hig^. 

« 

Moreover, tripotassiixn phosphate hydrate mainly used in the exanples 
is a food additive. The glass fiber and calcium carbonate thus 
recovered can be reused as such. Furthermore, the recovered resin 
component may be utilized as such as a part of resin canposition or 
may be reused after separation into each component by distillation or 
the like. 

It should be understood that the foregoing relates to only a 
preferred embodiment of the invention, and it is intended to cover all 
changes and modifications of the examples of the invention herein 
chosen for the purpose of the disclosure, which do not constitute 
departisres form the sprit and scope of the invention. 



